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We estimate the partial widths for the radiative and pionic transitions from the Ds1(2460) to the Ds0(2317)
in a molecular scenario, in which the Ds1(2460) and D∗s0(2317) are considered as hadronic molecular states of
DK and D∗K, respectively. The partial widths for the Ds1(2460) → D∗s0(2317)π0 and Ds1(2460) → D∗s0(2317)γ
are evaluated to be about 0.19–0.22 and 3.0–3.1 keV, respectively. In addition, the ratio of the Ds1(2460) →
Ds0(2317)γ and Ds1(2460) → D∗sπ0 is estimated to be about (6.6–10.6) × 10−2, which is safely under the
measured upper limit.
PACS numbers: 14.40.Pq, 13.20.Gd, 12.39.Fe
I. INTRODUCTION
In the last decade, great experimental progress in the
charmed-strange meson spectrum has been achieved. Some
radially or orbitally excited charmed-strange mesons have
been observed [1], and these observations not only make the
charmed-strange meson family lengthy, but also raise some
challenges to the conventional quark model [2]. Among these
newly observed charmed-strange mesons, the D∗
s0(2317) and
Ds1(2460) are two particular states, since their masses are far
below the quark model expectations [2].
The D∗
s0(2317) was first reported by the BABAR Collab-
oration in the D+s π0 invariant mass spectrum of the B de-
cay process and its mass was measured to be (2316.8 ± 0.4)
MeV [3]. Later, the CLEO Collaboration confirmed the
existence of this state and also reported another state, the
Ds1(2460), in the D∗+s π0 invariant mass distribution, which
is 351.2 ± 1.7(stat.) ± 1.0(syst.) MeV heavier than the D∗s
[4]. Besides the D∗sπ0 mode, some other decay modes of the
Ds1(2460)–like Dsγ, D∗sγ, Dsπ+π− and D∗s0γ–have also been
measured [4].
After the observations from the BABAR and CLEO collab-
orations [3, 4], the existence of the D∗
s0(2317) and Ds1(2460)
was confirmed by the Belle Collaboration [5, 6] and BABAR
Collaboration[7–9]. And now, the Particle Data Group (PDG)
averages of the masses of the D∗
s0(2317) and Ds1(2460) are [1]
mD∗
s0
(2317) = (2317.7± 0.6) MeV,
mDs1 (2460) = (2459.5± 0.6) MeV.
In addition, the decay mode of Ds1(2460) → D∗s0(2317)γ was
measured by the CLEO and BABAR collaborations [4, 8] and
the ratio of Γ(Ds1(2460) → D∗s0(2317)γ) and Γ(Ds1(2460) →
D∗π0) was reported to be
Γ(Ds1(2460) → D∗s0(2317)γ)
Γ(Ds1(2460) → D∗sπ0)
{
< 0.58, CLEO [4],
< 0.22, BABAR [8], (1)
∗Corresponding author
†Electronic address: chendy@impcas.ac.cn
at the 90% confidence level.
Theoretically, the quark model predicted the masses of the
D∗
s0 and Ds1 to be 2480 MeV and 2530 MeV [2], respectively,
which are about 160 and 70 MeV, respectively, above the
experimental measured values. This disagreement between
the quark model expectations and experimental measurements
makes these two states unlike conventional charmed-strange
mesons.
The particular properties of the D∗
s0(2317) and Ds1(2460)
have stimulated the theorists’ interest in the nature of these
two states. The coupled channel estimates indicated that the
masses of the D∗
s0(2317) and Ds1(2460) could result from the
strong coupling of the P-wave charmed-strange mesons to the
DK and D∗K, respectively [10, 11]. With some fine-tuning
parameters, the masses of the D∗
s0(2317) and Ds1(2460) could
be reproduced in a relativistic quark model [12]. The decays
of the D∗
s0(2317) and Ds1(2460) were investigated in a con-
ventional charmed-strange mesons frame with different meth-
ods, such as the quark pair-creation model [13, 14], QCD sum
rules [15–19], and chiral effective theory [20]. However, the
large-Nc expansion calculations indicated that the D∗s0(2317)
could not be a standard quark-antiquark meson [21]. A cs¯qq¯
tetraquark interpretation was proposed to understand the mass
and decay behavior of the D∗
s0(2317) [22–24]. The QCD sum
rule calculations also supported the idea that the D∗
s0(2317)
could be a tetraquark state [25, 26].
Since the masses of the D∗
s0(2317) and Ds1(2460) are about
40 MeV below the thresholds of the DK and D∗K, respec-
tively, a possible explanation of the structures of D∗
s0(2317)
and Ds1(2460) is that they are DK and D∗K hadronic
molecules, respectively. The calculations in the Bethe-
Salpeter approach [27] and potential model [28] showed that
the D∗
s0(2317) could indeed be a DK hadronic molecule. In
Ref. [29], the D∗
s0(2317) and Ds1(2460) were considered as
kaonic molecules bound by strong short-range attraction. The
decay behaviors of the D∗
s0(2317) and Ds1(2460) were ex-
tensively investigated in the DK and D∗K hadronic molecu-
lar scenario [30–32]. The production of the D∗
s0(2317) and
Ds1(2460) from the nonleptonic B decay were calculated in
Ref. [33], in which D∗
s0(2317) and Ds1(2460) were considered
as hadronic molecular states of DK and D∗K, respectively .
2In this paper, we study the radiative and pionic transitions
from the Ds1(2460) to the D∗s0(2317) in a hadronic molec-
ular scenario. With the assignment that the D∗
s0(2317) and
Ds1(2460) are the hadronic molecules of DK and D∗K, re-
spectively, one could find that the radiative and pionic transi-
tions from the Ds1(2460) to the D∗s0(2317) occur via the sub-
processes D∗ → Dγ and D∗ → Dπ0, respectively. As for the
Ds1(2460) → D∗s0(2317)π0, it is an isospin-violating process,
which could result from the mass differences of charged and
neutral D and K mesons and η−π0 mixing. In addition, the ra-
tio of the partial widths for the Ds1(2460) → D∗s0(2317)γ and
Ds1(2460) → D∗π0 was measured by the CLEO and BABAR
collaborations [4, 8]. In the present work, we can test the D∗K
assignment of the Ds1(2460) by comparing the estimated ratio
of Γ(Ds1(2460) → Ds0(2317)γ) and Γ(Ds1(2460) → D∗π0)
with the experimental measurements.
This work is organized as follows. The the hadronic
molecular structures of the D∗
s0(2317) and Ds1(2460) are
discussed in Sec. II. The partial widths for Ds1(2460) →
D∗
s0(2317)π0, D∗s0(2317)γ and D∗sπ0 are estimated in Sec. III.
The numerical results are presented in Sec. IV and Sec. V is
dedicated to a short summary.
II. HADRONIC MOLECULAR STRUCTURES OF THE
D∗
s0(2317) AND Ds1(2460)
In the hadronic molecular scenario, the D∗
s0(2317) and
Ds1(2460) are assigned as S -wave DK and D∗K hadronic
molecules, respectively. Here, we adopt the following effec-
tive Lagrangians to describe the interactions of the D∗
s0(2317)
and Ds1(2460) and their constituents. The concrete forms of
the Lagrangians are [30, 31]
LD∗
s0
(x) = gD∗
s0DK D
∗
s0(x)
∫
dyΦD∗
s0
(y2) DT (x + wKDy)
×K(x − wDKy) + H.c. , (2)
LDs1 (x) = gDs1D∗K Dµs1(x)
∫
dyΦDs1(y2) D∗Tµ (x + wKD∗y)
×K(x − wD∗Ky) + H.c. , (3)
where
D(∗)T = (D(∗)0, D(∗)+), K =
(
K+
K0
)
.
The wi j = mi/(mi+m j) is kinematical parameter with mi being
the mass of the corresponding meson.
The correlation functions ΦD∗
s0
(y2) and ΦDs1 (y2), which de-
pend only on the Jacobian coordinate y, are introduced to
depict the distributions of the components in the hadronic
molecule. The Fourier transformation of the correlation func-
tion is,
ΦM(y2) =
∫ d4 p
(2π)4 e
−ipy
˜ΦM(−p2,Λ2M), M = (D∗s0, Ds1).
(4)
The introduced correlation function also plays the makes
the Feynman diagrams finite in the ultraviolet region of Eu-
clidean space, which indicates that the Fourier transformation
of the correlation function should drop fast enough in the ul-
traviolet region. Here we choose the Fourier transformation
of the correlation in the Gaussian form,
˜ΦM(−p2,Λ2M) = exp (p2/Λ2M), M = (D∗s0, Ds1), (5)
with ΛM being the size parameter which characterizes the dis-
tribution of components inside the molecule.
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FIG. 1: Mass operators of the D∗
s0(2317) (a) and Ds1(2460) (b).
The coupling constants gD∗
s0DK and gDs1D∗K in Eqs. (2) and(3) could be determined by the compositeness conditions
[30, 31, 34–36], where the renormalization constants of the
composite particles should be zero, i.e.,
ZD∗
s0
≡ 1 − Σ′D∗
s0
(m2D∗
s0
) = 0,
ZDs1 ≡ 1 − Σ′Ds1 (m2Ds1 ) = 0, (6)
with Σ′D∗
s0
(m2D∗
s0
) being the derivative of the mass operator of
the D∗
s0(2317). As for the Ds1(2460), the mass operator ΣµνDs1
presented in Fig. 1(b) can be decomposed into the transverse
ΣDs1 and longitudinal ΣLDs1 components as
Σ
µν
Ds1 (p) = g
µν
⊥ ΣDs1 (p2) +
pµpν
p2
ΣLDs1 (p2), (7)
with gµν⊥ = gµν − pµpν/p2. The concrete forms of the mass
operators of the D∗
s0(2317) and Ds1(2460) corresponding to
the diagrams in Fig. 1 are
ΣD∗
s0
= g2D∗
s0DK
∫ d4q
(2π)4
˜Φ2[−(q − wDK p)2,Λ2]
× 1(p − q)2 − m2K
1
q2 − m2D
, (8)
Σ
µν
Ds1 = g
2
Ds1D∗K
∫ d4q
(2π)4
˜Φ2[−(q − wD∗K p)2,Λ2]
× 1(p − q)2 − m2K
−gµν + qµqν/m2D∗
q2 − m2D∗
. (9)
III. RADIATIVE AND PIONIC TRANSITIONS FROM THE
Ds1(2460) TO THE D∗s0(2317)
We estimate the partial widths for the radiative and pionic
transitions from the Ds1(2460) to the D∗s0(2317) in an effective
Lagrangian approach. The interactions of the D∗
s0(2317) and
Ds1(2460) with their components are presented in Eqs. (2) and
(3). Besides these effective Lagrangians, in our calculation,
3we employ the following phenomenological Lagrangians[37–
40]
LD∗Dπ = − igD
∗DP√
2
D†∂µ~π · ~τD∗µ,
LD∗Dη = −igD∗DηD†∂µηD∗µ,
LD∗s DK = igD∗DP(D∗−µs D∂µK†),
LD∗D∗π = 1
2
√
2
gD∗D∗PǫµναβD∗†µ∂ν~π · ~τ
↔
∂ αD∗β,
LD∗D∗η = gD∗D∗ηǫµναβD∗†µ∂νη
↔
∂ αD∗β,
LD∗s D∗K =
1
2
gD∗D∗PǫµναβD∗−µs ∂νK†
↔
∂ ∂αD∗β,
LD∗s D∗K∗ = igD∗D∗V D∗−νs
↔
∂ µD∗νK
∗†
µ
+ 4i fD∗D∗V D∗−sµ (∂µK∗†ν − ∂νK∗†µ)D∗ν,
LK∗Kπ = igK∗KπK∗†µ ~π · ~τ
↔
∂ µK, (10)
LK∗Kη = −igK∗KηK∗†µ η
↔
∂ µK, (11)
where A
↔
∂ B ≡ A(∂B) − (∂A)B, ~τ is the Pauli matrix, ~π rep-
resents the pion triplets, and K(∗) and D(∗) are the doublets of
strange and charmed mesons, respectively,
K(∗) =
(
K(∗)+
K(∗)0
)
, D(∗) =
(
D(∗)0
D(∗)+
)
. (12)
In the heavy quark-limit, the coupling constants gD∗D(∗)P
could be related to the gauge coupling constant g via
gD∗D∗P =
2g
fπ , gD
∗DP =
2g
fπ
√
mD∗mD , (13)
where fπ = 132 MeV is the decay constant of the pion and the
gauge coupling g = 0.59 is estimated from the experimental
value of the partial width for the D∗+ → D+π0. The involved
coupling constants of K∗ are [38],
gD∗sD∗K∗ =
βgV√
2
, fD∗s D∗K∗ =
λgV√
2
√
mD∗s D∗ , (14)
where the gauge couplings β = 0.9, λ = 0.56 and gV = mρ/ fπ.
As for the coupling constants of gK∗Kπ and gK∗Kη, we adopt
gK∗Kπ = 3.21 and gK∗Kη = 4.47, which are evaluated by SU(3)
symmetry [41].
The involved interaction related to the photon field and the
charmed mesons is in the form [42],
LD∗Dγ =
{gD∗+D+γ
4
eǫµναβFµνD∗+αβD
−
+
gD∗0D0γ
4
eǫµναβFµνD∗0αβ ¯D
0
}
+ H.c. , (15)
where the field-strength tensors are defined as Fµν = ∂µAν −
∂νAµ, D∗αβ = ∂αD
∗
β − ∂βD∗α. The coupling constant gD∗+D+γ =
− 0.5 GeV−1 is estimated from the partial width of D∗+ →
D+γ: the minus sign is adopted according to the lattice QCD
and QCD sum rule calculations [43, 44]. As for gD∗0D0γ, only
the branching ratios of the D∗0 → D0γ and D∗0 → D0π0 are
measured. Here, we can roughly estimate the partial width of
the D∗0 → D0π0 from that of the D∗+ → D+π0 via isospin
symmetry [45, 46]. With the measured ratio of the Γ(D∗0 →
D0γ) and Γ(D∗0 → D0π0), we can obtain the partial width
of the D∗0 → D0γ and the corresponding coupling constant
gD∗0D0γ as gD∗0D0γ = 2.0 GeV−1.
In the present work, the decays of the Ds1(2460) →
D∗
s0(2317)π0 and Ds1(2460) → Dsπ0 are the isospin-violating
processes, which are also contributed from the η − π0 mixing.
The η − π0 mixing scheme is in the form [47],
Lηπ0 = µ
(md − mu)√
3
π0η, (16)
where mu and md are the current quark masses of the u and d
quarks, respectively, and µ is the condensate parameter.
A. The decay of Ds1(2460) → D∗s0(2317)π0
D+s1
D∗
K
D
D∗+s0
pi0
D+s1
D∗
K
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D∗+s0
pi0
η
(a) (b)
FIG. 2: Diagrams contributing to the pionic transition from the
Ds1(2460) to the D∗s0(2317). Diagram (a) is the direct contribution
and diagram (b) is the contribution from η − π0 mixing.
The decay of the Ds1(2460) → D∗s0(2317)π0 occurs via a
subprocess D∗ → Dπ0 in the hadronic molecular picture, and
the hadronic-level description of this process is presented in
Fig. 2(a). Since this decay is an isospin-violating process,
we also include the contribution from the η − π0 mixing as
presented in Fig. 2(b). With the effective interactions listed
above, we can get the amplitude corresponding to Fig. 2(a) as
Ma = (i)3
∫ d4q
(2π)4
[
gDs1D∗Kǫ
φ
Ds1
˜ΦDs1 (−P212,Λ2Ds1 )
]
×
[
gD∗
s0DK
˜ΦD∗
s0
(−P220,Λ2D∗
s0
)
] [ igD∗DP√
2
(−ipµ3)
]
×−g
φµ + pφ1 p
µ
1/m
2
1
p21 − m21
1
p22 − m22
1
q2 − m2q
, (17)
where P12 = (p1wD∗K − p2wKD∗ ) and P20 = qwDK − p2wKD.
The amplitude related to Fig. 2(b) is,
Mb = (i)3
∫ d4q
(2π)4
[
gDs1D∗Kǫ
φ
Ds1
˜ΦDs1 (−P212,Λ2Ds1 )
]
×
[
gD∗
s0DK
˜ΦD∗
s0
(−P220,Λ2D∗
s0
)
] [ igD∗Dη√
2
(−ipµ3)
]
×−g
φµ + pφ1 p
µ
1/m
2
1
p21 − m21
1
p22 − m22
1
q2 − m2q
×µmd − mu√
3
1
m2π − m2η
, (18)
4where m2π = (mu + md)µ, m2η = 23 (m + 2ms)µ and m = (mu +
md)/2. The above amplitude Mb can be reduced to
Mb =Ma|π0→η
√
3
4
(md − mu)
(ms − m) , (19)
where Ma|π0→η indicates the amplitude obtained by replacing
the related coupling constants of π0 with those of η. The total
amplitude of the Ds1(2460) → D∗s0(2317)π0 is
MDs1→D∗s0π0 =Ma +Mb. (20)
B. The decay of Ds1(2460) → D∗s0(2317)γ
D+s1
D∗+
K0
D+
D∗+s0
γ
D+s1
D∗0
K+
D0
D∗+s0
γ
(a) (b)
FIG. 3: Diagrams contributing to the radiative transition from the
Ds1(2460) to the D∗s0(2317). (a) is the contribution from charged
charmed mesons and (b) is the contribution from the neutral charmed
mesons..
As for the decay of Ds1(2460) → D∗s0(2317)γ, it occurs via
the subprocess D∗ → Dγ as shown in Fig. 3. With the ef-
fective Lagrangians given above, we can obtain the amplitude
corresponding to Fig. 3(a) as
Ma = (i)3
∫ d4q
(2π)4
[
gDs1D∗Kǫ
φ
Ds1
˜ΦDs1 (−P212,Λ2Ds1 )
]
×
[
gD∗
s0DK
˜ΦD∗
s0
(−P220,Λ2D∗
s0
)
][egD∗+D+γ
4
×ǫµναβǫηγ (ipν3gµη − ipν3gνη)(ipα1 gβτ − ipβ1gατ)
]
×−g
φτ + pφ1 p
τ
1/m
2
1
p21 − m21
1
p22 − m22
1
q2 − m2q
. (21)
As for the amplitude corresponding to Fig. 3(b), it can be
obtained from the above amplitude by replacing the masses
and coupling constants with those in Fig. 3(b), i.e.,
Mb =Ma
∣∣∣∣mD∗+→mD∗0 ,mD+→mD0 ,mK0→mK+gD∗+D+γ→gD∗0 D0γ . (22)
Then the total amplitude for Ds1(2460) → D∗s0(2317)γ is
MDs1→D∗s0γ =Ma +Mb. (23)
It should be noticed that after performing the loop integral, the
above amplitude can be reduced to the form,
MDs1→D∗s0γ = gDs1D∗s0γεµναβǫ
µ
Ds1ǫ
ν
γp
α
γ p
β
Ds1 , (24)
which is obviously gauge invariant and the coupling constant
gDs1D∗s0γ could be estimated from the amplitude in Eq. (23).
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FIG. 4: Diagrams contributing to process D+s1 → D∗+s π0. Diagrams
(a), (b) and (c) are direct processes, where the π0 directly couples to
strange mesons or charmed mesons. Diagrams (d), (e) and (f) are
indirect processes, where π0 couples to strange mesons or charmed
mesons via η − π0 mixing.
C. The decay of Ds1(2460) → D∗sπ0
We can estimate the partial width of Ds1(2460) → D∗sπ0 and
compare the evaluated ratio of the Γ(Ds1(2460) → D∗s0γ) and
Γ(Ds1(2460) → D∗sπ0) to further test the hadronic molecular
interpretations of the Ds1(2460) and D∗s0(2317). Similar to the
process Ds1(2460) → D∗s0π0, the decay of Ds1(2460) → D∗sπ0
is also an isospin-violating process, which also arises from
the direct π0 coupling and η − π0 mixing as shown in Fig. 4.
In our calculations, in addition to the diagrams considered
in Ref. [31], we include the diagrams due to the D∗D∗π and
D∗D∗η interactions. The concrete forms of the amplitudes cor-
responding to Figs. 4(a)–4(c) are
Ma = (i)3
∫ d4q
(2π)4
[
gDs1D∗Kǫ
φ
Ds1
˜ΦDs1 (−P212,Λ2Ds1 )
]
×
[
igK∗Kπ(ipη1 + ipη3)
][
igD∗D∗VǫτD∗s g
τρ(ipσ2 + ipσ4 )
+4i fD∗D∗VǫτD∗s (iqτgρσ − iqρgτσ)
] 1
p21 − m21
×−g
ρφ + pρ2 p
φ
2/m
2
2
p22 − m22
−gησ + qηqσ/m2q
q2 − m2q
, (25)
Mb = (i)3
∫ d4q
(2π)4
[
gDs1D∗Kǫ
φ
Ds1
˜ΦDs1 (−P212,Λ2Ds1 )
]
×
[−igD∗DP√
2
(−ipµ3)
][
igD∗DPǫνD∗s (ipν2)
]
×−g
φµ + pµ1 p
φ
1/m
2
1
p21 − m21
1
p22 − m22
1
q2 − m2q
, (26)
Mc = (i)3
∫ d4q
(2π)4
[
gDs1D∗Kǫ
φ
Ds1
˜ΦDs1 (−P212,Λ2Ds1 )
]
×
[ 1
2
√
2
gD∗D∗Pεητρσ(−ipτ3)(ipρ1 + iqρ)
]
×
[1
2
gD∗D∗PεµναβǫµD∗s (ip
ν
2)(iqα + ipα4 )
]
×−g
σφ + pσ1 p
φ
1/m
2
1
p21 − m21
1
p22 − m22
−gηβ + qηqβ/m2q
q2 − m2q
.(27)
5As for the contributions from η − π0 mixing, the amplitudes
corresponding to Figs. 4(d)-4(f) by,
Md = Ma|π0→η
√
3
4
(md − mu)
(ms − m) ,
Me = Mb|π0→η
√
3
4
(md − mu)
(ms − m) ,
M f = Mc|π0→η
√
3
4
(md − mu)
(ms − m) . (28)
The total amplitude of Ds1(2460) → D∗sπ0 is
MDs1→D∗sγ =
f∑
n=a
Mn. (29)
With the total amplitudes defined in Eqs. (20), (23) and
(29), one can estimate the partial width by,
Γ =
1
3
1
8π
|~p|
m2Ds1
|M|2, (30)
where ~p is the momentum of the final state in the Ds1(2460)
rest frame and the overline indicates sum over polarizations of
vector mesons.
IV. NUMERICAL RESULTS
TABLE I: The masses of the involved particles in units of GeV [1].
State Mass State Mass State Mass State Mass
D0 1.8648 D± 1.8696 D∗0 2.0069 D∗± 2.0102
K0 0.4976 K± 0.4936 K∗0 0.8958 K∗± 0.8916
D∗±s 2.1121 D∗±s0 2.3177 D±s1 2.4595 π0 0.1349
η 0.5478
All the masses of the involved particles are listed in Table I.
Besides the coupling constants discussed in Sec. III, the cou-
pling constants of Ds1(2460)/D∗s0(2317) to their components
could be estimated by the compositeness conditions given by
Eq. (6). The phenomenological parameters ΛDs1 and ΛD∗s0 are
of order 1 GeV. Here, we vary the parameters ΛDs1 and ΛD∗s0
from 1 to 2 GeV [30, 31]. The ΛDs1 = ΛD∗s0 = Λ depen-
dences of the coupling constants gDs1D∗K and gD∗s0DK are pre-
sented in Fig. 5. These two coupling constants monotonously
decrease with the increasing of the parameter Λ. In particu-
lar, the coupling constants gDs1D∗K and gD∗s0DK decrease from
11.73 to 10.25 GeV and from 11.20 to 9.85 GeV, respectively,
when Λ increases from 1 to 2 GeV.
The partial width of the Ds1(2460) → D∗s0(2317)π0 is pre-
sented in Fig. 6. In the present calculation, we vary the ΛDs1
from 1.0 to 2.0 GeV and take typical values of ΛD∗
s0
= 1.0, 1.5
and 2.0 GeV. Our calculations indicate that the partial width
of the Ds1(2460) → D∗s0(2317)π0 is of order 0.1 keV, which is
rather small since the phase space of this process is very lim-
ited. In addition, this partial width weakly depends on the
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FIG. 5: The Λ dependence of the coupling constants gD∗
s0DK
and
gDs1D∗K , where ΛDs1 = ΛD∗s0 = Λ.
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FIG. 6: . The ΛDs1 dependence of the decay width for Ds1(2460) →
D∗
s0(2317)π0.
.
parameters ΛDs1 and ΛD∗s0 , and decreases with the increas-
ing of ΛDs1 or ΛD∗s0 . In the case of ΛD∗s0 = 1.0 GeV, the
partial width for the Ds1(2460) → D∗s0(2317)π0 decreases
from 0.25 to 0.21 keV with ΛDs1 increasing from 1.0 to 2.0
GeV. In the considered parameter region, the partial width
for the Ds1(2460) → D∗s0(2317)π0 is predicted to be about
0.19 ∼ 0.25 keV.
The ΛDs1 dependence of the partial width for the
Ds1(2460) → D∗s0(2317)γ is presented in Fig. 7. Similar to
the pionic transition from the Ds1(2460) to the D∗s0(2317), the
partial width for the Ds1(2460) → D∗s0(2317)γ also weakly
depends on the parameters ΛDs1 and ΛD∗s0 . In the consid-
ered parameter region, the partial width for the Ds1(2460) →
D∗
s0(2317)γ varies from 2.96 to 3.13 keV. The PDG average
of the branching ratio of the Ds1(2460) → D∗s0(2317)γ is
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FIG. 7: The same as Fig. 6 but for Ds1(2460) → D∗s0(2317)γ pro-
cess.
.
3.7+5.0−2.4%. However, the width of Ds1(2460) is not well deter-
mined, as one cannot compare the theoretical value of the par-
tial width with the experimental measurement. Here, we also
notice that both widths for the Ds1(2460) → D∗s0(2317)π0 and
Ds1(2460) → D∗s0(2317)γ weakly depend on the model pa-
rameters, and the former one is about 1 order smaller than
the latter one, which indicates that the branching ratio of
Ds1(2460) → D∗s0(2317)π0 should be of order 10−3.
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FIG. 8: The ΛDs1 dependence of the partial width for Ds1(2460) →
D∗sπ0.
.
In Fig. 8, we present the ΛDs1 dependence of the partial
width for the Ds1(2460) → D∗sπ0 which increases with the in-
creasing of ΛDs1 . In particular, the partial width varies from
32 to 46 keV with ΛDs1 increasing from 1.0 to 2.0 GeV, which
is much larger than the partial widths for the D∗
s0(2317)γ and
D∗
s0(2317)π0 modes. In addition, the partial widths for the
Ds1(2460) → D∗s0(2317)γ and Ds1(2460) → D∗sπ0 have been
estimated in the present work, and the ratio of Γ(Ds1(2460) →
D∗
s0(2317)γ) and Γ(Ds1(2460) → D∗sπ0) is estimated to be
(6.6−10.2)×10−2 in the considered parameter region, which is
safely under the upper limit reported by the CLEO and BABAR
collaborations [4, 8].
TABLE II: A comparison of the the partial widths (in units of keV)
from different models.
Channel Present Ref. [48] Ref. [18] Ref. [49] Ref. [50]
Ds1 → D∗s0γ 3.0 ∼ 3.1 2.74 0.5 ∼ 0.8 0.012 · · ·
Ds1 → D∗s0π0 0.19 ∼ 0.22 0.0079 · · · · · · · · ·
Ds1 → D∗sπ0 31.3 ∼ 45.2 21.5 · · · ∼ 10 11.9
In Table II, we collect our estimates of the partial widths
of the Ds1(2460) → D∗s0(2317)γ, D∗s0(2317)π0, and D∗sπ0 and
compare with the results evaluated in the P-wave charmed-
strange meson scheme. In Ref. [48], the decays of the
Ds1(2460) were estimated in a full chiral theory and the par-
tial widths for the Ds1(2460) → D∗s0γ and Ds1(2460) → D∗π0
are very similar to the present results obtained in a molec-
ular scenario, but for the Ds1(2460) → D∗s0(2317)π0 mode,
the results from Ref. [48] are much smaller than the present
one. The light-cone sum rule calculation for Ds1(2460) →
D∗
s0(2317)γ is about 20% of that obtained in the present cal-
culation [18]. The estimations in the relativistic quark model
indicated that the partial widths of Ds1(2460) → D∗s0γ and
Ds1(2460) → D∗sπ0 were 0.012 and about 10 keV, respec-
tively [49, 50], which are rather different with the results in
the present work.
V. SUMMARY
In the present work, we estimated the partial widths for
the radiative and pionic transitions from the Ds1(2460) to the
D∗
s0(2317) in a molecular scenario, in which the Ds1(2460)
and the D∗
s0(2317) are assigned as a DK and a D∗K hadronic
molecule, respectively. To further test the molecular interpre-
tations of the Ds1(2460) and the D∗s0(2317), we also calculated
the partial width for Ds1(2460) → D∗sπ0. In the considered pa-
rameter region, the partial widths are evaluated to be
Γ(Ds1(2460) → D∗s0(2317)π0) = 0.19 ∼ 0.22 keV,
Γ(Ds1(2460) → D∗s0(2317)γ) = 3.0 ∼ 3.1 keV,
Γ(Ds1(2460) → D∗s π0) = 31.3 ∼ 45.2 keV. (31)
Our estimates indicate that the partial width for the
Ds1(2460) → D∗s0(2317)π0 is about 1 order smaller than
that of Ds1(2460) → D∗s0(2317)γ. The branching ratio for
Ds1(2460) → D∗s0(2317)γ is measured to be 3.7+5.0−2.4% [1],
and thus the branching ratio for Ds1(2460) → D∗s0(2317)π0
is roughly determined to be of order 10−3. In addition, we
further estimate the ratio of Γ(Ds1(2460) → D∗s0(2317)γ) and
Γ(Ds1(2460) → D∗+s π0) to be
Γ(Ds1(2460) → D∗s0(2317)γ)
Γ(Ds1(2460) → D∗+s π0)
= (6.6 − 10.6) × 10−2, (32)
7which is consistent with the experimental measurements from
the CLEO and BABAR collaborations [4, 8].
At present, the experimental information on the Ds1(2460)
and Ds0(2317) is still not abundant. In particular, the widths
of these states are not well determined. The measurements of
their decay behaviors at LHCb and the forthcoming Belle II
could provide a further test to the results in the present work.
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